Other species capable of producing a black coloration have been described. Carbone and associates (1921) refer to Bacillts tyrosinogenes of Rusconi; Fabian and Nienhuis (1934) found Bacillus nigrificans in spoiled pickles; and Cameron, Esty and Williams (1936) described Baciullut betanigrificans capable of blackening beets and culture media in the presence of iron. The relationships of these proposed species to B. niger and B. aterrimus have not hitherto been defined.
CULTURES STUDIED
Observations reported in this paper were made upon a collection of 40 cultures, 12 of which were received as named species, 7 were received unnamed but known to produce pigment, and 21 were isolated by the authors. These cultures are listed below under the three species into which they naturally fall because of their physiological characteristics. The name under which the culture was received and the history as far as known, is given opposite the number of the culture as it exists in our collection.
I from Cameron in 1937. In addition to these cultures, 6 cultures were received as B. aterrimus and 6 as B. niger (or B. lactis-niger), which could not be identified as belonging to either of these species.
INFLUENCE OF THE MEDIUM ON PIGMENTATION BY B. NIGER
The importance of the substrate in the development of pigment by B. niger was evident when cultures, previously coalblack, failed to produce pigment when transferred to another lot of nutrient agar. These cultures, however, readily produced pigment when returned to the original medium. To overcome the supposed deficiency in the one medium, various modifications, such as the addition of carbohydrates or mineral salts, singly and in combination, or the changing of the pH value, were made without success. Finally, all brands of commercial peptones available in this laboratory were used in agar. On 5 peptone agars, B. niger produced blackening (see table 1) but failed to do so on the remaining 4; B. aterrimus failed on all. The addition of beef-extract paste to 2 of the 4 peptone agars not blackened by B. niger resulted in blackening; the growth of B. niger upon beefextract agar alone, however, was colorless.
The addition of glucose or maltose inhibited the production of pigment on those peptone agars which were normally blackened by B. niger. This suggested that certain break-down products of protein were necessary for the blackening and that fermentable carbohydrates spared the protein from decomposition. Since the various commercial peptones are known to vary in their aminoacid content as well as in other respects, correction of those peptones unsuitable for pigmentation was attempted. Glycine, alanine, aspartic acid, leucine and tyrosine were added singly to nutrient agar prepared from peptone "A"2 B. niger produced a black pigmentation only on the nutrient agar to which tyrosine had been added. The addition of glucose or maltose to this medium did not interfere with the development of the pigmentation as it did in the cases mentioned above.
In addition to those media already mentioned, milk agar (equal volumes of skim milk and 4 per cent agar-agar) is suitable for B.
niger, the black pigment usually appearing in a few days. (Clark and Smith, 1938 ) that several species of aerobic spore-formers regularly produce slow or mutant fermentations on certain sugars. For instance, Bacillus megatherium was noted to vary on mannose, Bacillus cereus and Bacillus mycoides, on sucrose, and Bacillus vulgatus, on lactose.
The cultures of B. nigrificans and of B. tyrosinogenes (Rusconi) were identical in every respect to type cultures of B. aterrimus; they produce similar blackening on sugar media, and are considered to be synonymous.
CULTURES DISTINCT FROM B. NIGER AND B. ATERRIMUS B. betanigrificans exhibited morphologic and cultural differences, especially the production of gas on carbohydrate media which readily separates it both from B. niger and B. atemimus. It was not found to produce a black pigment on potato, milk agar, or ordinary peptone or sugar agars, but it does produce a brownish or black pigment in the presence of metallic iron in various media, as originally reported by Cameron, Esty and Williams (1936) .
As stated in the forepart of this paper, a total of 12 cultures received as B. aterrimus or B. niger were identified as species other than either of these. The donor of certain cultures stated that he had never seen any pigmentation with those particular cultures, but that they undoubtedly did produce color when they were isolated. This apparent variability in pigment production has led some bacteriologists to believe that this character is transient, whereas others believe it a stable character, although at the moment lacking proof for their opinion except as they have observed their own cultures. Of these 12 mislabelled cultures, only 3 were identified as Bacillus vulgatus, a closely allied species, whereas 9 were distinctly different in their reactions.
Cultural similarities between B. vulgatus, B. niger and B.
aterrimus made it desirable to determine whether pigment production was a stable character and whether variants might be developed Bacillus nigrificans (Fabian) and Bacillus tyrosinogenes (Rus-coni) were found similar in all respects to Bacillus aterrimus, and are believed to be synonymous with that species.
Bacillus betanigrificans produces black coloration in the presence of metallic iron, but not upon the media readily blackened by the species considered above. It possesses morphological and cultural properties that easily separate it from Bacillus niger and Bacillus aterrimus.
